This study was carried out to estimate efficiencies of the utilization of metabolizable energy for maintenance (km) and weight gain (kg) and to evaluate the Small Ruminant Nutrition System (SRNS) model in predicting dry matter intake (DMI) and average daily gain (ADG) of growing Morada Nova lambs. The animals were non-castrated and two months of age, with initial body weights averaging 12.05 ± 1.81 kg. Eight animals were slaughtered at the beginning of the trial as a reference group, in order to estimate initial empty body weight and body composition. The remaining animals were assigned to a randomized block design with eight replications per block and five diets with increasing metabolizable energy levels (0.96, 1.28, 1.72, 2.18 and 2.62 Mcal/kg of dry matter (DM)). The metabolizable energy use efficiencies for maintenance and for weight gain were calculated from the relationship between the dietary net energy for maintenance and gain and ME concentration in the diets. Evaluation of the SRNS model was performed by adjustment of simple linear regression model between the predicted (independent variable) and observed (dependent variable) values. The efficiency of ME utilization for maintenance (0.96 Mcal/kg DM) was 0.24 and decreased (0.60 to 0.40) for the other treatments with increasing energy content. The DMI and ADG predicted by the SRNS model did not differ (P≤0.05) from the observed values. Thus, the SRNS model can be used to estimate the DMI and ADG in feedlot Morada Nova lambs. Key words: Crude protein, metabolizability, nutritional requirement
Introduction
The feeding systems for small ruminants are largely based on tables and empirical equations developed using production conditions established by or similar for the country from which the data originated (CSIRO, 1990 , NRC, 2000 , CANNAS et al., 2004 .
Based on the efficiency of utilization of metabolizable energy (k), the required metabolizable energy (ME) and total digestible nutrients (TDN) can be calculated. The efficiency of utilizing metabolizable energy for small ruminants varies widely due to the different methodologies used to evaluate the feed and nutritional requirements. The AFRC (1993) and INRA (1978) estimate efficiencies from equations that use the metabolizability (qm) of the diets as independent variables, where qm is the relationship between the dry matter (DM) and gross energy (GE) of the diets.
The NRC (2007) and CNCPS-Sheep (CANNAS et al., 2004) obtain the efficiency of utilizing metabolizable energy from cubic equations proposed by Garrett (1980) . Sheep studies in Brazil have used the equations described in the AFRC (1993) to estimate the efficiency of utilizing metabolizable energy, but some researchers have determined efficiencies from experimental data itself using the interactive process to estimate the km or slope of the straight line of the plot of metabolizable energy intake against the energy retained in the animal body.
Mechanistic models for feed and nutritional requirement assessment have been developed over the past 20 years to compile the knowledge developed in the area of nutrition and to identify the knowledge gaps in this area. Several models predict animal responses to feed (REGADAS FILHO et al., 2011) , climate and animal inputs. Among them, the model Cornell Net Carbohydrate and Protein System -Sheep (CNCPS-S) (CANNAS et al., 2004) and, more recently, the Small Ruminant Nutrition System (SRNS) (TEDESCHI; FOX; RUSSELL, 2000) are the most prominent. The latter is a modification of the CNCPS-S that includes the most recent information, in addition to a sub-model of goat nutrition.
The use of mechanistic models to measure food and nutritional requirements of ruminants (CANNAS et al., 2004; has been developed to more thoroughly evaluate complete diets to minimize nutrient losses and environmental impact and to maximize the food utilization efficiency of the animals. Therefore, the accuracy of such estimates for specific breeds used in semiarid regions must be thoroughly assessed (REGADAS FILHO et al., 2011) .
Thus, the objectives of this study were to estimate the efficiencies of the utilization of metabolizable energy for maintenance and weight gain and to evaluate the Small Ruminant Nutrition System (SRNS) model in predicting dry matter intake and average daily gain of growing Morada Nova lambs.
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Dietetic requirements and evaluation of a small ruminant nutrition system model in Morada Nova lambs
Material and Methods

Experimental site
This trial was conducted at the Department of Animal Science, Federal University of Ceara, in Fortaleza, state of Ceara (CE), Brazil, from February to June, 2010. Humane animal care and handling procedures were followed according to the animal care committee (CEUA, Comissão de Ética no Uso de Animais da Universidade Estadual de Londrina, PR).
Development database
The 48 Morada Nova lambs used were noncastrated males, about 2 months of age, with an average initial body weight (BW) of 12.05 ± 1.81 kg. The animals were identified, dewormed and placed in individual stalls with feeding troughs that supplied the diets and water ad libitum. After a ten day adaptation period, eight animals were randomly selected and slaughtered as a reference for the empty body weight (EBW) estimates and initial body composition. The remaining lambs (n = 40) were randomly allocated into five treatments (8 animals/treatment) that consisted of increasing levels of metabolizable energy (0.96, 1.28, 1.72, 2.18 and 2.62 Mcal/kg DM).
The experimental diets were formulated according to the NRC (2007). The animals were fed diets as total mixed rations (TMR) twice daily (at 8 a.m. and 4 p.m.) ad libitum, which allowed for up to 10% orts. Before morning supply, the diet orts of each animal were removed and weighed as a daily control. The daily dry matter intake (DMI) was calculated as the difference between the weight of the diet offered and the orts. The diets were composed of Tifton 85 hay (as roughage) and concentrates based on corn grain, soybean meal, urea, limestone, dicalcium phosphate, sodium chloride and a mineral premix (Table 1 and 2). Digestibility trials were conducted eight times throughout the experiment to determine the ME of the diet. Indigestible neutral detergent fiber (iNDF) was used as a marker to estimate fecal dry matter excretion, as described by Casali et al. (2008) . Feces were collected for three consecutive days every 15 days during the experimental period, at 8 a.m. on the first day, at noon on the second day and at 4 p.m. on the third day. The iNDF amount in the fecal samples, orts, concentrates and Tifton 85 hay were obtained through waste in situ incubations of 240 hours in the rumen of a cow receiving a diet of Tifton 85 hay and concentrates based on corn grain, soybean meal, urea, limestone, dicalcium phosphate, sodium chloride and a mineral premix. The roughage:concentrate ratio was 60:40. Incubations were performed in nylon bags with 50 μm pores and a ratio of 15 mg per cm² of sample bag. The protocols used were as according to the methodology described by McDonald and Orskov (1979) . After this period, the bags with the incubation residues were washed in water until they were completely clear. Subsequently, they were boiled for 1 hour in a neutral detergent solution ROBERTSON, 1985) , and the remains were weighed and recorded as the iNDF (CASALI et al., 2008) . (SNIFFEN et al., 1992) .
To analyze the neutral detergent fiber (NDF), the samples were treated with thermo-stable alpha amylase without sodium sulfite and were corrected for residual ash (MERTENS, 2002) and nitrogenous compounds (LICITRA; HERNANDES; VAN SOEST, 1996) . The total carbohydrate content (TC) was calculated using the following equation: TC (%) = 100 -(%CP + %EE + %ash) (SNIFFEN et al., 1992) . The non-fibrous carbohydrates (NFC) were calculated from the equation adapted from Weiss (1999) , where NFC (%) = 100 -(%NDFpa + %CP + %EE + %ash). For the concentrates, due to the presence of urea in their constitution, the NFC was calculated from the adapted equation by Hall (2000) , where NFC = 100 -[(%CP -%CP derived from urea + % of the urea) + %NDFpa + %EE + %ash].
Performance and slaughter procedures
The animals were weighed weekly to calculate the average daily gain (ADG). When the BW mean for a particular dietary treatment reached 25 kg, the animals were slaughtered. One animal from the group with the lowest dietary energy concentration (0.96 Mcal/kg DM of ME) was also slaughtered at this time. This procedure was performed for each group until all of the animals were slaughtered.
Before slaughter, the shrunk body weight (SBW) was measured as the BW after 18 hours of food and water fasting. At slaughter, the lambs were stunned using a cash knocker and killed by exsanguination from the jugular vein using conventional procedures.
The blood was weighed and sampled. The gastrointestinal tract was weighed full, then emptied, washed out and, after draining, weighed again, together with the organs and other body parts (carcass, head, skin, blood, full paw and tail). The body was separated into individual components, which were weighed separately, including the internal organs (liver, heart, bladder, kidneys, reproductive tract and spleen, and combinations of lung + trachea and tongue + esophagus), the cleaned digestive tract (rumen, reticulum, omasum, abomasum, and the small and large intestines) and fats (omental, perirenal, mesenteric and heart fats). The empty body weight (EBW) was calculated as the SBW at slaughter minus the digestive tract contents. All carcasses were weighed hot (approximately 1 hour after collection) and then cooled (-4°C) for approximately 24 hours. The chilled carcasses were weighed again and then longitudinally halved with a band saw.
The organs, full paw, head and the right half of the carcass were ground separately in an industrial meat grinder. The combined mass of the ground organs, blood, full paw, head and right half of the carcass and skin were homogenized, sampled and placed in a forced ventilation oven at 55ºC for 72 hours. After this procedure, the samples were defatted by extraction with ether in a soxhlet apparatus (AOAC, 1990) ; method number 920.39. After extraction, the samples were ground in a ball mill and stored in closed containers. The dry matter contents were determined by placing samples in an oven at 105ºC until a constant weight was reached. The ash and crude protein levels were determined on fat-free samples following the method described above for experimental diet ingredients.
Determination of the efficiency of the utilization of metabolizable energy and dietetic requirements
The dietary digestible energy (DE) was estimated to be 4.409 Mcal/kg of TDN (total digestible nutrients, according to WEISS, 1999) , and the DE was converted to metabolizable energy (ME) using an efficiency of 82% (NRC, 2000) . The metabolizability (qm) was calculated as: qm = ME/ GE for each experimental diet (AFRC, 1993) .
The net requirement of energy and protein for maintenance and gain was obtained from Costa et al. (2013) , where the nonlinear form of the model employed by Lofgreen and Garrett (1968) was used to describe the heat production at zero intake of metabolizable energy. The km was estimated from the interactive method, in which the balance between heat production and metabolizable energy intake was obtained.
The dietary net energy concentrations were calculated according to Harris (1970) . The dry matter intake to maintain energy balance was calculated by dividing the metabolizable energy requirement for maintenance (MEm) by the concentration of the dietary ME, where MEm represents the relationship between the net energy for maintenance (NEm) divided by the metabolizability found by the interactive method. The net energy concentration of each diet for maintenance (NEmd) was obtained by dividing the heat production in fasting animals (52.36 kcal/kg 0.75 EBW/day) by the DMI to maintain the energy balance expressed in g DM/kg 0.75 EBW/ day. The DMI over the maintenance need was obtained by subtracting the DMI sufficient for energy balance (g DM/kg 0.75 EBW) for each diet from the total DMI (g DM/kg 0.75 EBW). The net energy concentration for weight gain (NEgd) was calculated by dividing the energy retained per day (kcal/kg 0.75 EBW) by the DMI (above maintenance requirement), expressed as g DM/kg 0.75 EBW.
The efficiency of the utilization of metabolizable energy for maintaining and gaining weight was also estimated from the equations recommended by the AFRC (1993): km = 0.503 + 0.35 × qm kg = 0.006 + 0.78 × qm To express the metabolizable protein requirements, efficiencies of metabolizable protein for maintenance (kpm) and weight gain (kpg) equal to 1 and 0.59, respectively, were used (AFRC, 1993) . To convert the metabolizable protein requirement into crude protein, we used the equations proposed by the NRC (1996) for beef cattle due to the lack of sheep data.
To convert the net requirements into the EBW for net requirements in BW, linear regression equations were adjusted between the daily EBW weight gain and the daily BW weight gain of all experimental animals. For the linear regression equation between the EBW and BW, experimental and reference animals were used.
A multiple DMI equation was generated in relation to daily weight gain and metabolic weight. We adopted data for the mean weekly DMI, metabolic BW and BW gain, which allowed us to obtain several measurements per animal during the experimental trial with different metabolic weights and weight gains.
Statistical evaluation
The most important characteristic of a model is accuracy RUSSELL, 2000) . Biological models should be compared with observed data to assess robustness, accuracy, and precision (KOHN; KALSCHEUR; HANIGAN, 1998). Such empirical validations should also include a suitable statistical evaluation (MITCHELL; SHEEHY, 1997).
The SRNS model was evaluated for its applicability to hair sheep through the Pearson's coefficient correlation (r) and by adjusting the linear regression equation between the predicted (independent variable) and observed (dependent variable) values. The equation parameters were tested together on the following hypothesis using the F test:
The null hypothesis was rejected if the predicted and observed values were similar; otherwise, the tendency of the model to underestimate or overestimate the DMI or average daily gain (ADG) was calculated by dividing the mean of the Y-variate minus the mean of the X-variate by the mean of the X-variate (TEDESCHI; FOX; RUSSEL, 2000) . To measure the differences between the values predicted by the model or an estimator and the observed values, we used the root-mean-square error (RMSE).
The experimental design was a randomized block (stall type) with five treatments based on the following mathematical model: Yij = µ + αi + βj + eij, where Yij = value observed in the plot that received treatment i in block j, µ = general average of the population, αi = effect of treatment i, βj = effect of the block, and eij = random error. The initial weights of the animals were used as a covariate. Statistical analyses were performed using PROC GLM of the SAS version 9.0 (SAS, 2003 ). An orthogonal partition of the sum of the square of the treatments into linear or quadratic degree effects was obtained following the analysis of variance. When the significance level of 0.05 was observed, we adjusted the regression equation using PROC REG SAS (9.0).
Results and Discussion
The nonlinear form of the model employed by Lofgreen and Garrett (1968) was used to describe the heat production at zero metabolizable energy intake. According to the exponential equation between the heat production (HP) and metabolizable energy intake (MEI) (Figure 1) According to Valadares Filho (1985) , the forage energy values are overestimated because most TDN values in the literature were obtained with animals fed at a maintenance level. The author suggest that the TDN content should be reduced by 4% for each increase in intake above maintenance, so a need for reassessing the TDN contents of forage used in Brazil.
Figure 1. Exponential relationship between heat production (HP) and metabolizable energy intake (MEI).
reassessing the TDN contents of forage used in Brazil.
Source: Elaboration of the authors. Harris (1970) . ³ -Calculated according to AFRC (1993) . Source: Elaboration of the authors.
Employing the methodology proposed by Harris (1970) , a km value of 0.646 was observed when the relationship NEm/MEm was used, where MEm was determined by the interactive method (52.36/81.00 = 0.646). This value was similar to the one provided by the SRNS, which was 0.644. By using the AFRC equation (1993) , which suggests a variable km and is estimated from the metabolizability (qm) of the diet, values from 0.61 to 0.71 (Table 3) were observed for diets with ME concentrations of 1.28 to 2.62 Mcal/kg DM, respectively. These results confirm the values described by Gonzaga Neto et al. (2005) , who also reported an increase of 0.66 to 0.68 km as the concentrate was increased in the Morada Nova lamb diet. Regadas Filho et al. (2011) and Oliveira et al. (2014) observed an increase from 0.68 to 0.73 km and 0.59 to 0.71 km, respectively, as the energy was incremented in the Santa Ines sheep diet. The metabolizable energy efficiency for weight gain was directly related to gain composition (GARRETT, 1980) . Protein deposition is energetically less efficient than fat synthesis because the synthesis and degradation (turnover) of body protein reduces the energy efficiency of its accumulation (GARRETT, 1980; GEAY, 1984; OWENS et al., 1995) . However, fat deposition at high levels, as observed in early animals, may reduce the overall efficiency of utilization of metabolizable energy for weight gain due to the high energy required to maintain the same body mass as in late animals (REGADAS FILHO et al., 2011) . High fat deposition is a biological need for animals adapted to regions with seasonality, as this necessitates the storage of fat as an energy reserve source, which may explain the reduced efficiency of utilization of metabolizable energy for weight gain.
Based on the DMI values (Table 3) (Table 4 ). The average daily gain presented a significant quadratic effect, indicating that the ADG affected the maximum dry matter intake. Thus, the following adjusted equation was generated: 178.365 + 0.215ADG + 0.0088ADG² + 40.172kg 0.75 BW(RMSE = 1.419, SEM = 0.573). By simulating the DMI for a 20 kg animal with an ADG of 150 g and by using the equation developed by Cannas et al. (2004) described in the CNCPS-S, a DMI of 773.42 g/day was obtained. Using these BW and ADG values in the equation generated in this work, the estimated DMI was 788.54 g/day, a value only 1.9% higher than the one predicted by the CNCPS-S. Using the equation generated by Regadas Filho et al. (2011) for Santa Ines lambs, the predicted DMI value was 819.29 g/day, 3.9% higher than the one predicted for Morada Nova lambs. Employing these BW and ADG values in the equation developed by Cabral et al. (2008) , the predicted value was 810 g/day, 2.65% higher than the one predicted in this work. For a 30 kg animal with an ADG of 250 g, the DMI estimated by our equation was 1.297 g/day, 10.4% higher than the one predicted by the equation of the CNCPS-S (1.162 g/day), 6.4% higher than that estimated by the equation of Regadas Filho et al. (2011) and 17.5% higher than the value determined by the equation of Cabral et al. (2008) , which was 1.070 g/day. Total digestible nutrients requirements in kg/ day increased according to the animal's body weight (Table 5 ). The NRC (2007) reported a TDN requirement of 0.39 kg/day for weighing 20 kg of late maturation and a gain of 200 g per day. This value is close to the one identified in this work (0.38 kg/day). The NRC (2007) recommends 0.66 kg/ day for animals with early growth, which is above the value identified in this work. Based on these results, we conclude that Morada Nova animals can be regarded as late-growth animals, which was also suggested in studies performed by Souza et al. (2011) , in which the authors considered the Morada Nova breed as a late breed in comparison to the Santa Ines breed.
Protein requirement values expressed in net protein for maintenance and gain (NPm and NPg), metabolizable protein for maintenance and gain (MPm and MPg), rumen degradable protein (RDP), rumen undegradable protein (RUDP) and crude protein are presented in Table 6 . By converting the MPt requirement into crude protein for this same animal category, a value of 107.87 g/day was obtained in this work, which was similar to the one described by the NRC (2007), which recommends a supply of 106 g/day, considering 60% of rumen undegradable protein for late maturity animals. The rumen degradable protein (RDP) requirements were below those reported by Regadas Filho et al. (2011) for Santa Ines sheep. The microbial protein synthesis produced in the rumen is dependent on the ruminal energy and nitrogen availability (BACH; CALSAMIGLIA; STERN, 2005) . According to Paulino (2006) , when protein synthesis is maximized, its contribution to meeting the total protein requirements, either metabolizable or crude protein, increases and thus yields nutritional benefits, such as generating excellent quality microbial protein, and economic benefits as they can be synthetized from cheaper nitrogen dietary sources.
Based on the DMI values observed and predicted by the SRNS model, a regression equation was obtained (Figure 2 ). Because Pearson's correlation coefficient (R) was 0.86, which indicated that the SRNS model was highly correlated and accurate, the null hypothesis was not rejected (P = 0.27), and thus, the evaluated model was adequately sensitive for predicting the DMI of Morada Nova lambs. ,95 13,89 27,84 13,95 27,79 41,74 27,40 30,41 30,25 60,66 10,21 150 13,95 20,84 34,79 13,95 41,68 55,63 32,71 36,30 43,37 79,67 11,14 200 13,95 27,79 41,74 13,95 55,57 69,52 38,68 42,94 55,96 98,89 11,23 250 13,95 34,73 48,68 13,95 69,47 83,42 The dry matter intake exhibits the greatest impact on the response of the animal (POPPI, 2008) .
Application of mechanistic models to predict the DMI is a feasible alternative in ruminant nutrition studies.
Because they work to elucidate the mechanisms controlling changes in ingestion rates, the application of mathematical models to simulate animal responses enriches those models, thus improving their precision and accuracy.
Regarding the average daily gain, the SRNS model was highly correlated, R = 0.880 (P<0.001), and the null hypothesis was not rejected (P = 0.246). The equation adjusted for the observed and predicted ADG is presented in Figure 3 , where the RMSE was equal to 1.545. The dry matter intake exhibits the greatest impact on the response of the animal (POPPI, 2008) . Application of mechanistic models to predict the DMI is a feasible alternative in ruminant nutrition studies. Because they work to elucidate the mechanisms controlling changes in ingestion rates, the application of mathematical models to simulate animal responses enriches those models, thus improving their precision and accuracy.
Regarding the average daily gain, the SRNS model was highly correlated, R = 0.880 (P<0.001), and the null hypothesis was not rejected (P = 0.246). The equation adjusted for the observed and predicted ADG is presented in Figure 3 , where the RMSE was equal to 1.545. The dry matter intake exhibits the greatest impact on the response of the animal (POPPI, 2008) .
Regarding the average daily gain, the SRNS model was highly correlated, R = 0.880 (P<0.001), and the null hypothesis was not rejected (P = 0.246). The equation adjusted for the observed and predicted ADG is presented in Figure 3 , where the RMSE was equal to 1.545. 
Source: Elaboration of the authors.
Dietetic requirements and evaluation of a small ruminant nutrition system model in Morada Nova lambs Regadas Filho et al. (2011) reported that the SRNS model overestimated the ADG by 5.18% for Santa Ines lambs. Oliveira et al. (2014) observed that the SNRS model underestimated the average daily gain by 24,6% for the same racial group. The authors attributed this to a lower efficiency of utilization of metabolizable energy for the weight gain observed in diets with lower amounts of metabolizable energy. Galvani et al. (2008) reported that differences between the ADG predicted by the SRNS model may also be explained by variations in the nutritional requirements of the animals. Few studies have evaluated models such as the SRNS in woolless sheep reared in Brazilian conditions, unlike the bovine species, for which the published models have been extensively evaluated. From larger databases, sheep models developed under different Brazilian conditions must be more accurately and precisely evaluated.
Conclusions
The efficiency of utilization of metabolizable energy for maintenance and weight gain in Morada Nova lambs agrees with the values presented by the principal feeding system and the nutritional requirements of small ruminants.
The SRNS model is reliable for predicting the dry matter intake and daily weight gain in Morada Nova lambs.
We conclude that further studies should be conducted to be able to compile various results to verify the accuracy of using the SRNS model for prediction of dry matter intake and weight gain in animals raised in the tropics.
